The long intergenic non-protein coding RNA regulator of reprogramming (lncRNA-ROR) has been reported to play crucial regulatory roles in the pathogenesis and progression of multiple cancers. However, whether ROR is associated with the initiation and development of osteosarcoma (OS) remains unclear. Here, we found that ROR expression level was significantly up-regulated in OS tissue samples compared to adjacent normal tissues, and the elevated ROR was closely correlated with advanced tumour-node-metastasis (TNM) stage and lymph node metastasis and poor overall survival rate. Functional assays showed that ROR knockdown suppressed the OS cell proliferation, colony formation, migration and invasion in vitro, and retarded tumour growth in vivo. In addition, miR-206 was verified to be a target miRNA of ROR using bioinformatics online program and luciferase report assay. miR-206 inhibition partially rescued the inhibitory effects on OS cells induced by ROR knockdown. In conclusion, these results suggested that ROR function as an oncogene in OS by sponging miR-206 and might be a potential therapeutic target for patients with OS.
| INTRODUCTION
Osteosarcoma (OS), stemming from bone-forming mesenchymal cell, is a primary malignant bone tumour for children and adolescents. 1 Despite great progression has been made in early diagnosis and combination treatment of human OS, the prognosis of patients, especially with recurrent and metastatic sarcomas, still remains poor. 2 Therefore, it is urgent need to understand the molecular mechanism of OS carcinogenesis to unearth reliable diagnostic and therapeutic targets for the treatment of this disease.
Long non-coding RNAs (lncRNAs) are a family of over 200-nucleotide RNA molecules in length without protein-coding capacity. 3 Long non-coding RNAs have been reported to be involved in regulating various biological procession, such as cell proliferation, apoptosis, differentiation and invasion. 4, 5 Recently, a number of lncRNAs have been demonstrated to be abnormally expressed in various cancers, and play crucial roles in initiation and development of various cancers . 6, 7 Many lncRNAs were identified to implicate in regulating OS pathogenesis such as cell growth, apoptosis and metastasis, suggesting that lncRNA could serve as a diagnosis marker and therapy target for OS. 8, 9 Recently, long intergenic non-protein coding RNA, regulator of reprogramming (lncRNA-ROR) was found to be up-regulated, and function as oncogene in non-small lung cancer, 10 breast cancer, 11 renal cancer, carcinoma 14 and hepatocelluar carcinoma. 15 However, its potential prognostic value and biological function in OS have not yet been explored. In our study, we tried to study the prognostic value and biological function of ROR in OS. Our data revealed that ROR expression was up-regulated in OS tissues and cell lines. ROR knockdown significantly inhibited OS cell proliferation, colony formation, migration and invasion by partially regulating the miR-206. These findings suggested that ROR might be a potential target for the diagnosis and treatment of OS.
| MATERIALS AND METHODS

| Tissue samples
The human OS tissues (OS) and the adjacent normal bone tissues TNM, tumour-node-metastasis.
| Real-time RT-PCR
| Colony formation assay
For the colony formation assay, stable ROR-depletion cells grown in 6-well plates (in triplicate), and allowed to adhere and cultured for 10 days. Then cell colonies were fixed with 96% ethanol for 10 minutes and stained with 1% crystal violet for 5 minutes. The colonies were imaged and counted using an inverted microscope (Olympus Corporation, Tokyo, Japan).
| Migration and invasion assays
Cell migration was determined by a wound-healing assay. Briefly, transfected cells were cultured in 6-well plates (5 × 10 4 cells per well) and grown to 100% confluence. Subsequently, an artificial homogenous wound was created in the monolayer using a sterile plastic micropipette tip, and cultured for 24 hours in serum-free medium. Photographs were taken 0 and 24 hours after wound using an X71 inverted microscope (Olympus). The wound areas were analysed by Image J software (National Institutes of Health, Bethesda, MD, USA).
Cell invasion was examined using Matrigel invasion assays. 
| Immunohistochemistry staining
Immunohistochemistry (IHC) was conducted by previously described methods. 16, 17 Sections of tissues were incubated with antibodies against Ki-67 (1:100 dilution; D2H10, CST, Danvers, USA).
| Statistical analysis
All experiments were conducted at least three times. The data shown in this study were presented as mean ± SD. Figure 1C ).
These data suggested that ROR might be involved in OS carcinogenesis.
| ROR knockdown inhibits OS cell proliferation and colony formation
To determine the effects of ROR on cell proliferation in OS, ROR was knocked down in U2OS cells by transfection with sh-ROR1#
and sh-ROR2#. We found that U2OS cells transfected with sh-ROR1# and sh-ROR2# significantly decreased ROR expression compared to cells transfected with sh-NC (Figure 2A ). sh-ROR1# exhibited greater effect on expression of ROR in U2OS, which showed a 75.8% decrease, as confirmed at transcriptional levels ( Figure 2A ).
Therefore, sh-ROR1# was chosen as a candidate shRNA for all subsequently studies, and was designated as sh-ROR. CCK-8 assay demonstrated that SOR knockdown in U2OS cells significantly decreased proliferation ( Figure 2B ). Consistent with these results, ROR knockdown significantly decreased colony formation of U2OS cells ( Figure 2C ).
| ROR knockdown inhibits OS cell migration and invasion
The effects of ROR knockdown on cell migration and invasion in OS cells were determined by wound healing assay and transwell invasion assay respectively. The wound healing assay showed that ROR knockdown in U2OS cells attenuated the cell migration abilities (Figure 3A) . The transwell invasion assay demonstrated that knockdown of ROR in U2OS cells caused a significant decrease in the number of invaded cells ( Figure 3B ). Figure 4D ). We also demonstrated that the expression of miR-206 was markedly down-regulated in OS tissues compared to adjacent normal tissues (P < 0.01, Figure 4E ). Pearson correlation analysis revealed that miR-206 expression was negatively correlated with ROR expression in OS tissues (r = −0.576, P < 0.001, Figure 4F ). Combined with the findings above, we believed that miR-206 was a target of ROR in OS cells.
| ROR knockdown inhibits OS cell progression via up-regulation of miR-206
Next, the effects of miR-206 on ROR-modulated cell proliferation, colony formation, migration and invasion of U2OS cells were investigated. We knocked down ROR and inhibited miR-206 at the same time in U2OS cells( Figure 5A ), after which cell proliferation, colony formation, migration, invasion of U2OS cells were determined by CCK8, colony formation, wound healing and transwell invasion assays respectively. Results identified that ROR knockdown inhibited cell proliferation, colony formation, migration and invasion of U2OS cells, and the inhibitory effects were attenuated when miR-206 was down-regulated (all P < 0.05, Figure 5B -E).These data suggested that ROR knockdown inhibited OS progression via up-regulation of miR-206.
| ROR knockdown inhibits tumour growth in vivo
To explore whether ROR could also regulate tumourigenesis in vivo, we performed a xenograft tumour growth assay. The U2OS cells stable transfected with sh-ROR and sh-NC respectively were injected into nude mice, and tumour growth was determined. We observed that xenograft tumour growth was slower in sh-ROR injection group than that of sh-NC group ( Figure 6A ). At 28 days post-injection, the mice were killed and tumour tissues were stripped and weighted.
Average tumour size and weight were significantly decreased in sh- through regulating miR-139-CDK14 axis. 21 Xie et al reported that lncRNA TUG1 promoted cell proliferation and suppressed apoptosis in OS cells by regulating miR-212-3p/FOXA1 axis. 22 Yang et al demonstrated that knockdown of lncRNA TP73-AS1 inhibited OS cell proliferation and invasion through sponging miR-142. 23 Here, we found that knockdown of ROR inhibited OS progression by regulating miR-206, which provides a new molecular target for the treatment of OS.
Long non-coding RNA-ROR, a newly-discovered non-coding RNA, was first reportedly to act as a p53 repressor in response to DNA damage. 24 Accumulating evidence showed that ROR implicated in the initiation and development of various cancers. [10] [11] [12] [13] [14] [15] | 1871
In conclusion, the present study showed that ROR expression was up-regulated in OS tissues and cell lines, and associated with poor prognosis in OS patients. Furthermore, we demonstrated that knockdown of ROR significantly inhibited the proliferation, colony formation, migration and invasion of OS cells in vitro, as well as suppressed tumour growth in vivo by regulating miR-206. Further studies are required to investigate its underlying mechanism for developing ROR as a potential therapeutic target for OS.
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